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Abstract. A real-time reverse-transcriptase polymerase chain reaction (RT-
gPCR) assay for differential diagnosis of African and Classical swine fever has been
developed in the Institute of Veterinary Medicine of the NAAS. The proposed assay
allows simultaneous detection of three targets: ASFV, CSFV and an internal control,
which helps to save time and money. In this article, an inter-laboratory validation of
the developed RT-qPCR assay was described. Validation of the test kit was performed
in compliance with OIE Validation Guidelines according to analytical sensitivity,
specificity and repeatability. The limit of detection (LOD) of the validated RT-gPCR
assay was 10 copies of the ASFV and CSFV genomes, respectively. Repeatability of
the assay was shown to be high enough. The specificity of the assay, evaluated on
different viral strains showed no cross-reactions with closely related pathogens
(porcine circovirus type 2, porcine reproductive and respiratory syndrome virus and
virus of Aujeszky's disease). The expected reactivity for ASFV and CSFV were
observed. In conclusion, all investigated analytical performance criteria of the
validated RT-qPCR assay for differential diagnosis of ASF and CSF are in
compliance with international standards, which ensures accurate and definite results.
This laboratory assay will be a valuable tool for rapid differential diagnosis in case
of swine fever suspected outbreaks.

Keywords: African swine fever (ASF), Classical swine fever (CSF), RT-qPCR,
validation.
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African swine fever (ASF) and Classical swine fever (CSF) are two
transboundary contagious viral swine diseases with high mortality rates and huge
economic impacts [2, 7]. There is a significant difference between ASF and CSF
control and prevention measures mainly due to the presence of vaccines against CSF
and their absence against ASF [3, 4]. Therefore, in the case of a suspected outbreak,
differential diagnosis of the two diseases is essential. ASF cannot be differentiated
from CSF by either clinical presentation or post mortem examination. For this reason
laboratory diagnostic methods are useful only [5, 8].

The above listed points clearly indicate that the rapid and robust diagnosis of
ASF and CSF is extremely important. That is why a single-step, real-time reverse-
transcriptase polymerase chain reaction (RT-qPCR) assay for the simultaneous and
differential laboratory diagnosis of Classical swine fever virus (CSFV) and African
swine fever virus (ASFV) has been developed in the Institute of Veterinary Medicine
of the NAAS [7].

The goal of the work was to provide inter-laboratory validation of the
developed RT-gPCR assay for the simultaneous and differential CSFV and ASFV
detection.

Materials and methods. The study was carried out in the Research Training
Center For Animal Disease Diagnostics of the IVM NAAS.

Samples. In the study, we used control samples: ASF and CSF positive
(PC ASF+CSF), negative (NC) and an exogenous internal control (IC). Plasmids
carrying specific ASF and CSF sequences (1.0x10° copies/cm?), pathological
materials with ASFV, blood samples with CSFV — strain "Washington", cell cultures
containing closely related viruses (porcine circovirus type 2 (PCV-2), porcine
reproductive and respiratory syndrome (PRRS) virus and virus of Aujeszky's disease)
were used for validation of the assay.

DNA/RNA extraction. «RIBO-Sorb» (AmpliSens) was used for DNA/RNA

extraction, according to the manufacture’s instruction. During the nucleic acid
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extraction, 10 ul of IC DNA was added into each sample suspended in the lysis
buffer.

Amplification. Single-tube PCR reactions were prepared pooling 17.0 ul of
PCR-mix and 3.0 pl of Primer-mix. Finally, a 5.0 ul aliquot of DNA/RNA extractions
from the samples were added to 20 pl of PCR master mix.

Amplification was performed using Rotor-Gene Q («QIAGEN Hilden»). The
cycling protocol was as follows:

1. Thermocycling conditions for the RT-qgPCR

Ne Steps Temperature, °C Time Cycles

1 Reverse transcription 50 30 min 1

2 Enzyme activation 95 10 min 1
Denaturation 95 20 sec

2 Primer annealing 58 * 20 sec 45
Elongation 72 30 sec

* Fluorescence values were collected at 58 °C in three channel: FAM (DNA of ASFV), ROX
(cDNA of CSFV) and JOE (IC).

Interpretation of results. The results can be considered valid if: the Ct-value of
PC ASF+CSF < 35 on the FAM and ROX channels, the Ct of NC — absent, the Ct of
IC of all investigated samples < 35 on the JOE channel. The sample is ASF positive if
the Ct-value < 40 on the FAM channel and CSF positive if the Ct <40 on ROX. The
sample is negative if Ct-values are absent on the FAM and ROX channels but on JOE
Ct<35.

Validation. Validation of the test kit was performed in compliance with OIE
Validation Guidelines 2014 — 3.6.3 «Development and optimization of Nucleic acid
detection assays» [1].

Results. The diagnostic method was validated according to such analytical
performance criteria as sensitivity, specificity and repeatability.

The analytical sensitivity of the assay were determined by testing 10-fold serial
dilutions of the two quantified plasmids carrying specific ASFV and CSFV sequences
respectively (from 1.0x10° to 1.0x10° viral copies per reaction) in DNAse-free water
(Figure 1).
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Figure 1. The amplification curves 10-fold serial dilution of the plasmids:
a) carrying specific ASFV sequences (FAM channel); b) carrying specific CSFV
sequences (ROX channel)

The lowest dilution detected with the Ct <40 was established as the limit of

detection (LOD). The serial dilutions were examined in 10 independent assays

(reproductions). Obtained results of ASFV and CSFV analytical sensitivity

determination of the assay are presented in Tables 1 and 2.

Table 2 shows that the confidence interval of the analytical sensitivity of

validated assay for ASFV was 100 % at concentration ranging from 1,0x10° to

1,0x10! copies/cm?, and 30 % — at 1,0x10° copies/cm®. Therefore, it was determined
that LOD of the developed test system is at least 10 copies of the ASFV DNA.

2. Results of the 10-fold serial dilution amplification of the plasmid with
incorporated specific ASFV sequence

Number of copies/cm? 1,0x10° | 1,0x10* | 1,0x10° | 1,0x10% | 1,0x10' | 1,0x10°
1 13.92 17.33 21.49 24.13 27.93 31.81
2 13.99 17.27 21.60 24.07 28.11 -
3 14.01 17.93 21.21 24.38 27.76 -
| " 4 13.89 17.45 21.51 24.24 27.81 32.55
CFtAV& “Cehgrr]‘ntele 5 13.73 17.44 21.34 24.57 28.28 :
(10 repeats) 6 14.08 17.38 21.55 24.17 27.91 -
7 14.27 17.86 21.12 24.09 28.01 -
8 13.87 17.41 21.66 24.13 27.54 -
9 13.66 17.54 21.44 24.60 27.81 31.79
10 13.92 17.33 21.70 24.35 27.69 -
Average Ct-value 13.93 17.49 21.46 24.27 27.89 32.05
SD 0.17 0.22 0.19 0.19 0.21 0.43
CcV 1.22 1.26 0.89 0.78 0.75 1.34
CVv 3.59 2.89 2.33 2.06 1.79 1.56
positive/negative 10/10 10/10 10/10 10/10 10/10 37
Analytical sensitivity, % 100 100 100 100 100 30
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The confidence interval of the analytical sensitivity for CSFV within
concentration 1,0x10° — 1,0x10! copies/cm?® was 100 % and 30 % — at concentration
1,0x10°— 40 % (Table 3). LOD of the validated RT-qPCR assay was 10 copies of the
CSFV genome.

3. Results of the 10-fold serial dilution amplification of the plasmid with

incorporated specific CSFV sequence

Number of copies/cm? 1,0x10° | 1,0x10% | 1,0x10® | 1,0x10> | 1,0x10* | 1,0x10°
1 15.25 18.26 21.76 25.40 28.76 32.82
2 15.26 18.45 21.53 25.17 28.99 -
3 15.37 18.23 21.23 25.38 28.87 32.65
Ct-value on the 4 15.53 18.15 21.67 25.04 28.71 -
ROX channel 5 15.48 18.31 21.04 25.24 28.58 33.38
(10 repeats) 6 15.24 18.38 21.61 24.87 28.92 -
7 15.29 18.25 21.28 25.41 28.43 -
8 15.24 18.47 21.66 25.12 28.45 -
9 15.17 18.26 21.09 24.96 28.69 32.43
10 15.68 18.51 21.18 25.31 28.89 -
Average Ct-value 15.35 18.33 21.41 25.19 28.73 32.82
SD 0.16 0.12 0.27 0.19 0.20 0.41
CcVv 1.04 0.65 1.26 0.75 0.70 1.25
CVv 3.26 2.73 2.34 1.98 1.74 1.52
positive/negative 10/10 10/10 10/10 10/10 10/10 a7
Analytical sensitivity, % 100 100 100 100 100 30

Repeatability of the assay was determined as a measure of agreement between
results obtained by testing 10-fold serial dilutions of plasmids at 10 runs using several
operators in one laboratory (Tables 1 and 2). Repeatability was expressed as a
coefficient of variation (CV). The standard deviation (SD) and CV was calculated for
each concentration of six plasmids dilutions. Obtained SD values were lower than the
maximum acceptable value of the standard deviation for the method (SD<0.5). The
values of CV were also lower than the acceptable value of the coefficient of variation
for the method (CVv). Therefore, repeatability of the assay was shown to be high
enough, with coefficients of variation ranging from 0.65 to 1.34 %.

Analytical specificity (cross-reactivity) is a measure of the assay’s ability to
detect only the targets, in our case — ASFV, CSFV and IC. For analytical specificity

determination the panel of samples, containing ASFV, CSFV or without was
ISSN 2223-1609
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prepared, moreover the cell cultures containing defined pathogens which cause
similar to ASF and CSF clinical syndromes such as PCV-2, PRRS, Aujeszky’s
diseases were used. All biological materials, number of samples and values of
crossing thresholds are summarized in Table 4. The samples were tested separately
and in a mixture of “foreign agent + ASFV + CSFV" (1:1:1) in triplicate.

4. Analytical specificity of the validated RT-gPCR assay

No Biological material Nu(r)r}ber Ct FAM Ct ROX Ct vic
- ) (ASF) (CSF) (1C)
replicates

pathological material with ASFV —

L positive biological material (ASF PBM) 3 17.8020.13 N/d 24.510.16

2. | pathological material without ASFV 3 N/d N/d 23.21+0.29
swine blood with CSFV (strain

3. | "Washington") — positive biological 3 N/d 31.58+0.14 | 24.07+0.31
material (CSF PBM)

4. | swine blood without CSFV 3 N/d N/d 24.08+0.22

5. | ASF PBM + CSF PBM (1:1) 3 18.22+0.39 | 31.53+0.16 | 24.27+0.29

6. 'c:‘ell culturf) with PRRS virus (strain 3 N/d N/d 93.96+0.16

Lelystad")

cell culture with PRRS virus (strain

7. | "Lelystad") + ASF PBM + CSF PBM 3 18.11+0.17 | 31.89+0.23 | 24.39+0.26
(1:1:1)

8 clst(e)llloc'llj)lture with PCV-2 (straine "Stoon 3 N/d N/d 24.05+0.10
cell culture with PCV-2 (straine "Stoon

9. | 1010") + ASF PBM + CSF PBM 3 17.96+0.23 | 32.00+0.22 | 24.19+0.37
(1:1:1)
cell culture with Aujeszky’s diseases

10 virus (straine "Petrikivskiy-2006") 3 N/d N/d 23.91£0.22
KYJIbTYpa KIIITHH, 10 MICTUTh BIpYyC XB.
cell culture with Aujeszky’s diseases +

1. virus (straine "Petrikivskiy-2006") + 3 17.83:0.18 | 31,74+0.23 | 24.4240.27
ASF PBM + CSF PBM (1:1:1)

As result, the expected reactivity for ASFV and CSFV were observed and
absence of cross-reactions for the other tested porcine viruses were confirmed. No
amplification curves and Ct values on FAM and ROX were detected using nucleic
acid extracted from samples with PRRSV, PCV-2 and ADV.

Conclusions. All investigated analytical performance criteria of validated PT-
gPCR assay for differential diagnosis of African and classical swine fever are in
compliance with international standards, which ensures accurate and definite results.
ISSN 2223-1609
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The limit of detection (LOD) of the validated test kit was 10 copies of the ASFV and
CSFV genomes. High enough results of repeatability were achieved. There were
confirmed absence of false results and cross-reactions with other porcine viruses.
Therefore, this laboratory assay will be a valuable tool for rapid differential diagnosis

in case of swine fever suspected outbreaks.
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BAJIMJAIIUSA OT-NIP TECT-CUCTEMBI 1JI51
TN O®PEPEHIIMAJIBHON TUATHOCTUKU A®PUKAHCKOM N
KJACCHYECKOHN YYMbI CBUHEN
C. C. Manapirpa, JI. M. My3bikuna, JI. H. Uimenxko, I'. A. KoBasnenko,
N. B. I'aaka, B. I'. Cnupugonos, H. II. CeiTiok, C. A. Huunk, C. [{. MeJbHNYYK

Annomayua. B Uncmumyme eemepunapHot meouyunvt HAAH paspabomana
mecm-cucmema 0 oughghepenyuarvHol  OUACHOCMUKU — APPUKAHCKOU U
KAACCUYECKOU 4yMbl CE8UHEel MemoOOM 0OpAMHO-MPAHCKPUNMASHOU NOAUMEPAZHOU
yenunou peaxyuu (OT-III]P) 6 peoxcume peanvroco epemenu. Ilpeonoscennas
MemoouKa no360Jsem O0OHOBPEMEHHO 6 OOHOU NpooOupKe OemeKmuposams mpu
muwenu. supyc AYC, supyc KUC u eHympeHHuii KOHMpoOab, 4mo cnocobcmaeyem
IKOHOMUU 8peMeHU U cpedcme. B cmamve npeocmasieHvl pe3yibmamsl npo8eoeHUs
sHympuiabopamopuvlti  eanudayuu pazpabomannozo OT-II[P ouacnocmuxyma.
Banuoayuro ocywecmenanu 6 coomeemcmeauu ¢ mMexcOyHapoOHbIMU mpebo8anusmu,
VUUMbIBAs. NOKA3amenu Yy8CMEUMEIbHOCMU, CReYUPUUHOCMU U  CXOOUMOCHIU.
Ilpeoen obuapyscenuss (LOD) esanuouposannoco OT-II[[P  ouacnocmuxyma
cocmasun 10 konuu JHK eupyca AYC u 10 xonuu xAHK eupyca KUC.
Yemanoeneno  oocmamouno  evicokylo  cxooumocms  pezynvmamos.  llpu
uccne0o8anuu  cneyuuuHocmu He HAbOI00ANO0Ch NEePeKpecmHblX peakyull ¢
wmammamu 8030youmenei, evizvigarowux cxoouvle ¢ A4YC u KYC cumnmomsi
(yupkosupyc ceuneti 2-20 muna, upyc penpooyKmueHo-pecnupamopHo20 cUHOPOMA
ceunell u bonesnu Ayecku). B yenom, ucciedosanvie amanumuyeckue noxasamenu
sanuouposannoti OT-II[[P mecm-cucmemvt 011 OuppepenyuanvHoli OUazHOCMuKU
AYC u KYC coomeemcmayiom mencOyHApOOHbIM CIMAHOAPMAM, YUMo 2apaHmupyem
NOJYyYeHUue MOUHBbIX U HAOEJCHBIX pe3yibmamos. Odma mecm-cucmyma cmanem
YEHHbIM cpedcmeom Ovblicmpou  oughghepenyuanrvHoll  OuazHoCmMuKy 8  cayiae
B03HUKHOBEHUSL NOOO3PEHUSI HA BCNBIUK) YYMbl CGUHEI.

Knioueevie cnoea: agpuxanckas uyma ceuneti (A4C), knaccuueckas uyma
ceuneti (K4C), OT-IILP & peorxcume peanvno2o epemenu, 8anuoayus

BAJILIALIS 3T-IIJIP TECT-CUCTEMM JJ151 AMPEPEHIINHOI
NIATHOCTUKU A®PUKAHCBHKOI TA KJIACUYHOI YYMHU CBUHEN
C. C. Manaurpa,JI. M. My3ukina, JI. M. Imenko, I'. A. KoBajienko,
I. B. I'anka, B. I'. Cnmpuaonosn, M. Il. Cutok, C. A. Huuuk, C. /1. MeabHUYYK

Anomayia. B Incmumymi eemepunapnoi meouyunu HAAH po3pobreno mecm-
cucmemy O0ns Oupepenyitinoi OiaeHOCMuKU aA@PUKAHCLKOI ma KIACUYHOI 4ymu
CBUHEL MemOoOOM 380POMHO-MPAHCKPUNMAZHOI NOJIMEPA3HOl JIAHY020801 pearkyii
(3T-1IJIP) y peocumi peanvrHo2o uacy. 3anponoHo8aHa Memoouka O00360J€
O00HOYACHO 8 OO0HIlU npodipyi eusaenamu mpu miweni: gipyc AYC, sipyc KUC i
BHYMPIWHIY KOHMPONb, WO CHPUAE €eKOHOMII uacy ma Kowmie. Y cmammi
npeocmasieni  pe3yibmamu  NpPO8eOeHHs  GHYMPIUWHbOIAO0pamopHoi  eanioayii
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pospoonenozo 3T-1IJIP Oiacnocmuxyma. Banioayito 30iticuiosanu 8i0nogiono 00
MINHCHAPOOHUX BUMO2 3A NOKAZHUKAMU YYMIUBOCMI, chneyughiuHocmi i 30i%CHOCM.
Meoica susienenns (LOD) sanioosanoco 3T-IIJIP Oiacnocmuxyma cxkaana 10 xonii
JIHK sipycy AYC i 10 xonit k/[HK sipycy K4C. Bcmano6neno 00CmamHubo 8UCOKY
30ixcHicmy  pesynemamis. Ilpu Oocniddicenni cneyughiuvnocmi He cnocmepieanocs
nepexpecHux peakyii i3 wmamamu namozemis, wo eukiuxaromo nooioui 3 A4YC i
K4YC cumnmomu (yupkosipyc ceumeli 2-20 muny, 8Iipyc penpooyKmueHo-
pecnipamopHo2o cuHopomy ceuHeli i xeopoou Ayecki). Byinomy, oocnidxceni
ananimuyHi noxasnuxu eaniooganoi 3T-11JIP mecm-cucmemu 011 ougepenyianrvroi
oiacnocmuxu AYC ma KYC sionosioaroms MidCHAPOOHUM CMAHOAPMAM, WO
2apaumye OMpPUMAHHA MOYHUX Ma HAOIUHUX pe3yrvmamie. L[ mecm-cucmyma
cmaHe YIHHUM 3ac000M UWEUOKOI OugepeHyilinoi JiacHOCMUKY 8 pasi GUHUKHEHHS
nioo3pu HA CRANAX YYMU CEUHE.

Knrwouoei cnoea: agpuxancexka uyma ceunetl (A4C), xnacuuna uyma ceumetl
(KYC), 3T-IIJIP y pesicumi peanvroco uacy, sanioayis
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